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Al)stril~t

W(! r(’Vi(’\V [.tl(’ (“(lrr(!l)f StillllS ()[ (’Xl)(!~illl(’llfit] kllO\V](!dg(! iL]J[)llt ll(!UtrilloS dC-

rivc(l frolll l~ill(’lllilti(”.Illass ll)(’iLS(l ~(?l)lClllS, m.!utxillo OSC.illiLtiOll S(%WCII(’Sat re-

actors m(] ilCC(’](!ril[ors, so]ilr Imlltrillos, i-itnmsplmrir ncutrims, and single and

(IOII IJIC! 1)(’til (1(’Cil!’. ‘1’11(’S()!ill” Il(![ltrillo resll!ls yield fairly s~rollg illld consistent

ill(lirill. i(llls Illilt f’111.ril]oOS(”illillji011S ill’(” occllrrillg. Otll(!r (Wi(l(!l]c(’ for ncw

pl]j?iirs is I(ISS co ,,,isl(’]11 illl(l ct)l]villcilq+

l~f~ll{()])(J(;~~i()N

Ncm-a.cmhabr [~xlmi IIK’II[,Sl]ilv(~ iil\\~ilys

played all illll)Ortilllt rol(’ ill tllc I)llysirs 0[ c’lc-

Incntary pilrlicl(’s, ])ill”ti(:l llilrlj’ t.11(: Imltrillo.

MucI] of o(ir (lilrl~’ liIIolVl(~(lK(~ ()[ LII(I {III(l(~r-

Iying sylnllwtrirs lllilt llO\Y ill(’ (’llll)O(lii!(l ill

th(! $tilll(liil’([ h’!()(lt’] (Jf (:]ilS]lo\\’, $fl!illll, illl(l

W(:illlwrg (“illll(’ f~olll 11(’til (1(’(”ii)’, ‘1’11(’llrlltri-

110s col]tillllc (() illlrigll(’ 11s l)(’f.illlSf’ III(’YMw’111

tO 0(:( ’lll)y illl illlolllillollS” l)osilioll” ill tll(’ Sl;lll-

(Iill’(1 hlo(l(’1 (lil(”l{ill~ riglll -11;111(1(’(1Ii(’ltls illl(l,

Ijlltmkrr, lllilSS), 1’(’1”11;1!)sI 11(’r(=illIirs III(’ l’(J;\(l

1.()Illf’ l(v.rih]r~’ 111~11\V(’illt” fl)ll\’ill[[vl 11111s1Ii(’

1)(’J’011(1111(’Slilll(lillfl h,ll)~-,k.

\VII [(N”IIS tIIII ;lll~’lllit~ll l;Ilj~,411\”(III ~.xl)(’ri.

111(’111.ill i,w;ll~’s. ,11141slll](lii’i~l{’ 1111’r~’\’i[’\v illlt)

stvl.il)ll~ II I;II {111,11\villl liltl~’lll,lli( til; I,iS 111(’il

SIIr(IIIII’t IlSm 11(11111111(1l)5[ill;llit~ll sI’11”(’lIt’s ;II I(’

,1(’101’.s;111(1;I(”l’t’ll”lillol”:i , hol~ll 11,’lllrilllh, illlllll

SI)IIITII” 1]4’1111’1III)!}. (Iolillll, l)ll[; ! (ll’(’il\’\ illlll I“i

lull’ llt’llliitltu~ I’1lll (111(l(’(iIlo l:; 11111111(’(11111

t)ll l\’ lml’ll,\’, ‘I’(11)1(“. :,111 II it:, t II(IIJII, I ilil I i:,:iil[v.,

t(]:+llltjl{j~l,i~ ,11 11~’IilI lllt~:I. Il; Illt 11111111.1,Il,tdvil;l

Ii,)llt ;Illll Ill Ill ,Illi’11’lilllll” llll’ilii lll(,lll(’lll:i !)l’ [11(,

\~)(’illh(’l’g illl~](! all? mv(ud hy others at this

collf(!r(vlrc ( K rilUSS, Nolillldi).

KINI:MATIC MASS MEASUREMENTS

I“igllrc 1 show:: lhc cxpcrimntid direct up-

lNSrlilllits 011tll[! lIlilSS(?i of tllc three flavors 0[

Iwlltrillo ilS ii ful]dim Of lillw, With 111(?CX-

cq)tioll of lllc i’1’l!17rcslllt’, m) illdiciltion of

11011‘H’IV IlliLS$ llWi Sll~fil(’(’fl.

‘Ihii Ntulr in{)

‘1’]1(’ ]li~]l llliL:iS ()f III(’ T lllilkl’S il. l)rm-i-

sioll (l(’l(’rll lilliltlil)ll of [111(*lllil SS of V, (Ii[lirult,

1)111;IISIJ I)(”rlllil,s 11(’(’ilyS to Illlllllillil(l l”oll final

sl;ll. t’s. ‘1’11(1.41’gllS (“oililll(ll’;tllioll” !11 l)ltSY lliLS

tJllS(’l’Vt’(ly I 1?(1(’(”ilVS 1.()5 l)i~)li Iitl;ll Stitl.(’s, illlll

d sill~’,1(’sII(”II IIVtItIl \\’iIll ii llldss (.hwf’ If) lllal

(JI 111(’r is slllli[’i(~lll I(J l’(lll!:ll’il ill st’v(’rt’ly [1)(’

Illil!is or l~r. /\II 111111111.Iillli( ~jr :{!i MI I\’ ;It !M%

I t~lllitlt’llt(’ lII\’111 (( ~1,) lI; Is II ISI’11fv:[ill]lisll(vl ill

, nil\ ’1’ 1)(’(”11!4{’{’11,1111:~\v,I\I, A 1111111(*1”s 11{1(il~,+

I{ II)lIt ItWl AI I.lli!i ~l)llr(tl(llll(l, ‘ IJIII 11111111i:til!l

\II’1)1 f.lIJ!,IIII) 111(’ t’llfll)~)illl. lll)\v(’\’f ’l”\ l.lll’ (’t’

111’\v 111(’ilslll’I’1 11(’lll!i” 01” [II(’ 7 lllilSS ll;l\’(’ llt)\\’
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Pilrliclt! l)atil {;roll]) 17s4 .1::::
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I)CLVI r(q)orlt~(l, ;III(I I lI{SS(S(10 r(IsIllt ill a (lowlI

w;uxl r(avisioll of 1,11(’lII;Lss 01 I)r to :! I M(I\r

(!)fi% (’l.). ‘i’],,, IIIiW IIIIO:ISIII(IIII(SIIIIS iII( SIIIII

Illilriz(’(1 ill ‘1’;ll)l(’1,

l’lw l)rvli~i~nl is slill sl.;llisl. irs lilllll(ul, ;III(I

W’illl 1)(’111’1’ Ixwlllli!lll illlll lli~]it’1 sl; lliy,li(’s.

(Jlf(’ (’;111l(Mlli ((11’\f’ill(l I(I st’llsi:it’il,v ill 1.11(!I’i(’ill,

ily (J[ 1[) hl(I\’. ‘1’111’(Jlli\’ klllll~ll Iiil’(’1”1 illJ

l}r(J;I(lI III l~l~l;lillill~l, 1111’Illils:. [)1 /’, (;111(1 P,,)

ill 111(’1$’\’(’l illllllL’i’(1 11)’ (’05111111(JJ),\” (l f’11~I)f (’\”

l[n sI;IIII(s 11(’llltill(~s) i!t 11~’[lllwtliill~~ d 11(’llllill,~

1)111’:4111’,)111;1 !!lll)!’lllll\’,1,

‘1’111’liv,lllt’il Illliil (III 11111111.I:i:, ,,l” 1,,, ,i,III,I

(11)111ll.l’ii”illl’t” llll’ll l-, (11’III(’ // 11)1)111(’11[11111l’{~1

lowing LIK decay of stopped pions. The most

IX-cent determination of the maw of LIICn+ by

Jcc.kllnann L%al. coupled with the muon data

of Abcla ct al. give

mu,, < –0.097(72) McV2,

whidl, wit]) the! 13ay(wian proccdurc described

I.y tl]e Pilrtidc’ Data Croup,5 yields an upper

Iilnit of 270 kcV at {)()%cm]fidmlcc on the mass

or I/#.

A m!\v round of (!xp(!ril]wllls al the Paul

Sch(vvw Instilutc lli~ now rcnchetl SUCIIa high

I(n’(hlof pr(!cisiml tlliLt it wrious problcm in this

ii.pl)ro~~Cll II;LS Ij(!(!ll discovered. ?~abk 2 gives

llw r(m!llt history 0[ tlws(’ lnl?Clsllr(!]l]ellts.

As i]l(licitlc(l, tlw ccntra] \duc for m; is

over ,5a ncgat iv(?m‘1’hc mass of the 7r+ enters

into tllc CillCU]iLtiOll, illld ])(u been dcdll~cd

fmn] pionic X-ray spcdra. The precision is

lilllitcd ])ri]lcipidly by th(’Ord,iCiL] uncwtaintics

sucl I ilS el(!ctroll scre(xlillgl” iwd strong intcr-

iLCti[)ll (3ff(DCtS (!’. g. alxwrptioli from 3(1 state).

Stoplw(l r (1(’ray is too suhj(!ct to th(x3rcti-

(-:{1Illl(wt;lillty to yi(’ld rnU. ]llSh?iLd, it is pcr-

]la])S t]l(’ ])(’St, \ViLy to (If!t(’1’lllill(! T1/.n. wlliLl

[light to

r{IMwr Iuw for ?]/,,’! Ail(h!rllul) (’t ;L].ll used a

lll;LgH(’ti(” ‘~W’(!triLCk’ illl(l T (lWiLy ill

‘1(, )Il;lili,

7)/; ,-: -(),14(20} M~*Vti

Ill ‘“” !)(10 li(*\’ (!)()%( :1,)1. .:

/“/( (’/ 1o11 il’f I// I’f // f)

:\ll 111(1111’111~1(’lllllllill;lli[llls t~[ III(I I’, II I;ISS

;111” “d’;III 1111:.liJl ;I IIi:,l,,lti,]ll (,1”111,1IN-I;, !.1,(11

11111111)1’Ilililllll I14*;II II I,* Is(i Ii(’1’ (-ll(lll(~illl,

I 111’1’1’ill(’ Illl\v TJ 14VIII11 [’~lll’lillullll, ;III III

CIIIIIII;IINIIIII 111~’ci:iil]ll,iIIIIl dlt ill V,(MIII ,111,1{111

1111’111(’1’illlll’:1).



Table 2. Data oli T+ -+ 11++ v,, n{ r(’lit

(!ollaboraticm R(!l-. ?)/.,,, A4(!V p,,, MVv/c rllr , Mt?v m:, McV2

AIAa et id. S4 6 Ios.m!):kqx)) 2!),7!)13!)(s3) 13!).J6761(77) -o.163(80)
Jecliehmmn et al. SS 7 139.5(N71( 53) -0.0!) 7(72)
p~(; ~y 5 I (J5,(i.5sN7(:14 ) I:N.567:17(:KI)

l)aum et al. !)I s ~~).7~)~()(j((j~) 139.569 !)(i(67)

I“rosch (’t id. 92 g wj.7g]44(’20) -().127(25)

“ l’ktrm Illass do\\’11

L-

1)1)111

1

&&.1
Mainz 92

1 Zurich 92

LLNL 92

+ INS Tokyo 91

LP,NL 9:

~lTEP 88+



‘1’able 3. Ntass of ii,

lnstit[ltion R.cf. h4iws-s(lllarA I,i[]lit(’

hk~V2 (’V
———

1.(-)sAlamos 12 –147 + (itl *41 !).3

I.ii’(’rll]orv I;] –75*41 *3O S.(-I

INS Tokyo 14 –65* S5 *(i5 l:]

[). Ziiricll lfi _~Jl * ij~ -J-(;] !1.5

11. hlilill~ 1(i –:1!)* M * 15 7.2
—-———..—— -

“!)5(fi1 (“ollfi(h’1l(’(” I(W’I

~illlj’ Illlr(’[ll;lrk{l.l )1(’ (Iisllri l)lltioll. ) I{ O!V-

(’\”(’~, tll(’ t’xl)(’rilll~llts (lo l)ilSS il ll(!(TS-

S;lry (illl]loll~]l I]ot sllffiuiwlt) I.(’SI [01”1)[’-

illg SJ’Sl(’lllil li(’-[~(W’,12 Ililllll’l\’ I,llilt I,])(”

fl(’~iv(’(! \“illll(’ 101” [111(’ ‘)ll-’lll(! lllil SS (lit-

r(tr<lllo(l ;lKlo(tS ‘Villl ill(l(’1)(:11(1(~111.(li’t(:r-

I]lillil[iolls.

physics, and for the moment the phenomenon

remains unexplainccl. F’urlk- experimental

work is mdcd to resolve the issue.

NEIJTRINO OSCILLATIONS

WC arc entirely accustomed to t II(!concept

tlIat Inixing occurs in the quark sector; thfit is,

tllc! weak flavor eigenstat,cs arc not the same as

t]m ]ll{lss (strong-interaction) cigmlstatm, Imt

ill’(? Idilkd by ii unitary transformation lJ. It

is w’ry Iik?ly thcat, if Ilcutrinos I](av(!lll[%ss,Ilhc

Sill] )(! Iiilld of lnixing occurs. ‘1’OSCiLldl CX-

!)(’rill”l(!llt illlqy for Such t!(fccts’ (forljiddwl in tllC

fjt~[](lid hf~(l(!l), OIIC td~ idvitl)tii~[~ ()[ tlic

fa:t that neutrino sources illl(l dclt!ctors arc

‘flavor filters,’ ‘1’11(1pl’Ollilllility that a ncutrino

lnixtur~’ pll!])ill(’d ill flavor A is d(’t(Ytill)lC 111

fl{L\’()~ A’ iS

\vll(w

11),,>= ~ [),,~11.q>,

k= l,:?,:],

‘1’11(’s(]~ll’(:[~-tlt”~(![.tor(Iis! iLll(-(’ 1, is in Ill, tilt”

1111(11.g~IIJ ill NIcV ill)(l LjItI.2 il) (*Vx,

l’;xl)f’l’ill~(:llts witfl A = A’ m: Ilwl]wtl ‘dis

;Ll)l)(”ill’ill l(”(” illl(l I, IIOW” fi)l’ wlli~”ll A ‘/ A’ ;lW

‘;l[)ll{’il l’illlf ’t’,’ ow’ill~{ I(J IIII(S 1111(1(110 (l(’ll(’rll)il!(’

II](I 11(’lllrillo 1111Xl)r~v’is~’ly, (li Sill)lJ(’;ll’illl(’(’ (’X

1~(’rilll(’lll,s 1(111(1I,(I II-I Iill)il.(vl ill sf’llsi[i\’ily 10

\’dlll(’!i (11”/’.\.\ “ (). !)r),

11’,JI ,ol),,,llli(~ll((~, I.1111(’xl)(’liIl](’lllill lilllil:~

ill”l’ II SII;Illy lJIII:;(IIIl(vl ill I.11(1(I)II II*SI (II’ l\v(I

ll;I’l’I)r lllisill~!, ~miy, ill \vllil”ll I’;IMI llIt’ Illixitlj?,

Ill;llrix lotll;lills ;I sill~~it’ llt)tlf’1(’lli~illt’tl II II II; IIII

(’(.I’I , !’. \I,, il!l illl~l,ll’, 0. ‘1’lli:i I)ill’illll(’1{”1” illl Il 111(’

llIll\lIIII\lI ,.\l I)’ 111(111IIlllill(’ ;. l\vIJ {lilll[’ll!~itllllll

:.11,111’ill WIIII II ~’xll(vill)4ml)l:ll 11(1111III!, IFIII II(.

1)1;11’1’(11)111it Sllolllll 1)4’ I’(’1lll’llll )(!l’(’11[11111Ilil

llIIt’ II I;I)I III’ II KJr C*{{]ll)l~li~’;ll(’~1.



M i-my g’-ou ps have initially Ulililllt’(1 vvi-

dencc for oscillations, cMIly 10 discm’m nmr(’

IINIIIAIW cxplamtiolls for the t’fkds SIXW. AL

present, there is no single ~“xperinlcnt, with rt!-

actor or accelcr{ator Ilelltril]os that illdi(’ilt(’s

lhe presencr Of osc.i]latio]ls. (Wv ,Vi]l ~lis-

cmss atmospheric and solar Ilmltrinos Idow. )

AI) ~x~~]]~[lt, i~ll(! sti]l 11~)-lo-dnt~, ~ll]i~l]]ilr)-

has bcmI gi\’(’11 IJJ’ lkWlIln.l:J \IVc slI])]Jlt’imvlt

Ih(’11111’$irm’imv il!i lollo\\rS:”

14 llil~ ,ll.; L\VII a,t,t,(:lllioll to ~1I . Colllol”h) .

striki I]g OSCilliltol’~” I>(!llitvior ill [111(’11(’11-

trillo (Iillil fl’olll !OIII” IIigh-clll’rgj’ [ix(xl-

tilrgd (Jxl)rrii])(vlts. ‘1’11(’ rWlllt S (’iIll

lllOStl~’ (’ilSi l)’ b{! ii]lcr])rdc(l ;LS//,. diS;L])-

l)oil~illl(”(” :() il st)(x”i(’s otll(’1” t])illl 111,, willl

OS(-illi\l,iOll ])i\~illll(’t(irS:

~1)1~ = :]~~ (.v~,

qil)i “)0,- = 0.’1s + ().1(-)* ().()5.

‘1’1)(%(’ ])ill”illll(’1 (’l’S ill(’ ill cmf!icl wil II tll{’

//r (liSil])l)(’il l’illl (-(~(Iiltil 11’o111tll(” ( :ii!i~(’11

l{l’il(-lol”.’:”

for A///2 > h (’vv,

~illz‘)() < (),’22 (!)(l%(~i,),,-

ilS !~~’11:1S \villl 111(”1’(’s1111Sof 1“:’1’lllilill;

(’sll(’lilll(’111 l~fi:fl ,1:’ \vl]i(”l) ~’i(’l(l:+t

[01” .\///’ “ 10[) (’\f2,

:<ill::!(J (1.1s (!) OY!!’1,).

‘J .1 /~1’11/~(J.~111’[ ‘(~111’111’ll)”!~oll S(’l”\’illi(lll,, 111(’. ..

1,{ 1,) :\li II II II. Ililill[l] (I; II; I i:+ ‘1)( ’111/1, illlil

1)/,Iwl 1“{11l’\l(l(l lf~{jl’ il~llllixllll(i 111’~1111111

‘)[) ,.\’ \\i[ll Ill!, (11{1(’11”011Ilill,l III’ 111,1., ,,.

111.11111111) I’ll’lilllilllll) It OI.llll’l flitlil\(Jl

1111~I),llillll(’ll’l ,.(’1 Illllll!l n\” ~’!llll’11111)ill

,11)1)1111111,1,! 11,\’t,l

:{, ‘I II(’ f’1’1{.~ S!’S I)lllll!l’, ill l):)!)l 1’1)1’ (Ii

11’11 .I,.111 ‘II,., 1,11 1111’ 1111(’litt Ii,)ll:. (II 1

4,

I]elltril]os has been approved. ‘1’lle two

(~xperiment,s, ‘Chorus’ and ‘Nomad’ arc

(?xpcc~(!d to have sensitivities to vP ~ u7

of order 3-4 x 10-4 in si11220 for Anz2 z

WI CV2, and to UC + u, at the level of 2

x 1(-)-2.

NL*\v reactor- Imwd cxpcrilncnts arc bc-

i]lg collsi(lmc!d, in addition to the on(*’3

undc!r construction at the San Ouofrc

(wlllpk’x. A II(*W rmctor COIIIl)l(~X at

Chum ill ]Io:thern Fra]lct? may k the

sit(” of a 12-tonne, 1-km experiment,’t;

iill(l tlIc fortunate location of t]lc Mortal

SitIt, I]lil]c 12 kln from the Point Perry r[!-

it~t(~rs ill ollio may bc cxploitml.17

AU’MOSPIIEI{.IC NEIJTIUNOS

‘1’llr illilcrartiol] of cosmic rays with the up-

I)(*r iLtll]OS])]l(Sr(! producm showers of ha(lroils,

Il]ostly piolw m)(l hams. The decay scquencc

r+ + p + + w,,,

p+ +C++U. +F,,

:log(:tlI(’r with tl]r cllilrg(!-colljllgatc react iolw,

l(”il(lS to tll(’ I]ikivo rxpm.tat.ion tllilt tllC flllX Of

//- flil\’ol” Ilt!lllriilos SIIOIIIII 1)(!twic(! tll(! 1111XOf

(11(1(”l.I.(JII-fl;Ivol” Iwlllrillosm ‘1’ll;d riLiH(!S lIIC I)W-

sil~ilit.v of ;1 Ilf”llllrillo-os(”ill;ltioll S(’ill’(mll I)&s(’(l

~)11 il II I(I; .slly(.lllf’11[, or 111(’ rfi(,io, Witlll l)iLWl-

Iill(’s I’illl}\illg fl’olll IO to 10,()()() Iilll illl(l (’ll!’l’-

givs (II’ I(IO to I 00(1 hl(IV, ;k wgioll or I)ilrillll(’ll(’l’

sl~il(”(’ lllil(’(’(’SS ll)l(’ [.(J (I~,]](hl” t(-(”])lli(lll~~s (-ill] ])(I

I*XIJI(JI’(’1{, hlol”(” [11’lilil(’(1 1111)((’ill(”lll;ll, ioll~i””-z:”

Iilli(’ i~ll~) /1!’(”0111111.11(’l’11’(’(”tSof ])ill’lli(”l(’S l’illl~(

illj’, 111111)(’1(11’(’(1(’(”ilJ’, [)ill”ti(’1(% ])(”11(’tl’;llillg Ill{’

11,11111’!+(’1’ll!il , (Iii’(w’l.iollill(“ol’I’I’lillliollS” ill(l~lc(’(1

II)’ Iiill[’lllillit !; ;IIIII Ij[)l;llix:lllit]ll, }{tq)llhl~ll(~lic

(’ll\’t’l!l ill 111(’ [)l”illlil l’}’ txwllli(” l’il~ !il}(m(’ll’lllll,

,11111 11111lIIiII illu.t)rl}li{)ll II( I)it)lls. \\’llil~’ lllt’

;Il)!;’)11111’ Illlxl’s ;111’ 11111’(’l”lillll ;11 111(’ 11’1’1”1[)1

l)l’lll; ll):i ;1 I;I(I(II [JI ~!, III(’ ll;I\’(Jl r;lli(~ is I“oql

?:iiil’ilvl ;II~III;III I I(I :IIIOIIt ~)[fl, ;IIMIWI ~1()hl[*\~,



lk)th tll(’ lilrg(’ Wat,c’1’k’cnkov (lL’lt?c-

tors, Kan]ioliall(l(’ “1 all(l lMll,z~ fillfi SUl)Stilll -

t ial deparl.urcs rrl-)111III(’ C’Xpw.k’d fills ril-

tio in the vkil>lc-rllergy rfillg(’ 100-1000” hl(’\~.

The Frejus2(; illl(l h’ [JSEX27 exp(’rim(wts, with

more lilllitc(l slat istics, [ind 110 evidcllcc for

the drw”l, l)u I, i~r(’ lwt seriously in disagrcr-

MCllt Fit]l(’r. ‘1’11(’ lTSU]t S ill”P (’X]JI’(ISS(’(1 iLS tll(’

cx]~~’l-ill](’lll.;llflil\’ol” I’iltio (Iivi(l(d 1)~ 1111(’ratio

t?X])(?Ctt?d fl”l)ll) hlollt(” (~ill’10 Silllllliltiol)s bil S(’(1

on III(* llworj” d 11(.lltrillo ljro(lllclion all(l alJ-

sorptiol), iill(l (l(’l(iclol” (’]la.ril(”l(!ri sties, ‘I’ll(!)’

arc sUllllllilri Z(’(1 il) ‘1’irl)lc 4.

‘1’ill)l(” 4. Atlllosl)ll{’ric m’lilrino [l:l\’Or lillioS.

(“kllalxwalioll ,,_Q lJiltil/ +! M .(-:.

Kalniokall(l(’ O.(iO~~:~h~+ 0.05

1M 1,1-3 ()..5’1 * O.ofi + 0.12
I“ri’jlls l.()(i +0.1S+ ().15

1).S’? + (). l(i ● ().OS(l

N1lSEX ().!!!):+:+’!

1~[{-q 1,01 * 0.0:1● ().11*

aI’’llll~ (“olltilillf’11 (l\’(’lltS

bSl(]l)])illg/l)lllollgll ]INIOIIS.

If !Illis ;lllolllill(lllS Imillio is (Ill{’ 10 /1,, – Ilr

OS(-illiLtiolls,” Illt’1’(’ is IIlrt]l(’1” illlol’ll lil[lloll” 1.()

1)(’ (Il)tilill(”(l (Ill Illill l](wil~ilil.j~ fl’olll lll)\l’ill’(l-

p)illg 11111011s. S11!”11 II IIIOIIS (’;111 (Jlll~ (’0111(”

fr(Jlll 11(’111ri[lo illl(’r;l(”liolls ill 111( riJ(l{ sllr

rollll(lillp, III(I (ltIl(s(lIJr ;III(I III(I (1(’l Ivt(Jr ilst’lf

f“ljsl]li~ l’;l\’ 11111(111S 1,]1(1111S(’l\’(”S (“ill ]llol 1)( ’11

(’ll”ill(’ 111;11 f;lt”, ()\villjl, lo 111(- Iill”JJ,(’l” Iitllit”iill

Illil!i!, {1 1111(’ ‘Iilll’,(’l’ I I, !,11(’ I 1111{’l”; l( IIoll!; ill’{’ ( 11(’

I(I IIijl,llt’1 Isll[’rjl,\’ 11(’lllrill[l:~ 111;11llil\’~’ l.l”;l\’(’il(’11

~1,1’(’illl’1”tlisl;lll,~s’. ;111(1 Ill! ’l”c’fl)l”l’I’XIII(JI(’ illlll”l,

111(’ !;;llll~’ i-f’)),illll II.(~1 I~I;I i ,If IolI :;I);II’(’, lll)\v;ll(i

~’,l)ill~l,lIIllIJII:i 111,11,.lt)l~ ill llli’ IltIl(’1’l(lr ;II’!’ IJIIJ

(111(”1’11ll];lilll\” I)\’ 1{ Ill RI(I (i(’\’ //,, , \\’ll! l{’ Illo!il”

Ill;ll I)il!.:i 1111011 ;1,11 III(’ 1“11)111 :{() 10 :{()~1 (:(”\”

II,, , 11’ri)lII II II\V; IIIl ll,~)ill~), 111111~11 I; III. S, llIt~ 1~,111

~{ t.t)ll;ll)t)l;llioll 1111:. IN, (.II ;IIII{I I(I rIIl~I IJIII iI ::ijl,

Ilificilllt part of the parameter space (lad line

of ‘]’ilbi(’ 4), particularly the regions contain-

ing tlw best-fit values. Figure 3 summarizes

t]lC (Iiltil.

Ill or(l(’r to conclude that neutrino oscilla-

tions arc responsible for the anomaly, it is nec-

essary to rule out more mundane explanations.

Perhaps there arc errors in the calculated flux

riltio. or ill the calculakcl cross sections for the

illt.(!rilct.if)lls of lZPand ve wi~h lCO. SOrnCOf thC

cross scr[ioll is colltribllt.ed by lree pro(ms, for

wllivll tlI~I cross scctiolls are WC]]known,19 but

tlm Inain contributim is bcdicvcd to be quasi-

(’lilStir illtcrac.tions with neutrons am] protons

ill oxygcll. T]](? ratc?s arc calculated in the

f~iil)l(~\~ork of tiw Fermi (jas Model (F’GM)26

wil,ll “nllc]car cw-rections” that., in cssencc, use

11{)11-illtt!rilctillgshell-model wavefunctions in-

Stcil(l of plane Wiavc!s. l’here is relatively Iit.tlc

(!~])~ril])(!lltill irifor[l]ation about these ingrcdi-

vllt,s, I)llt \v(: note tlliLt rmcnt work at LAMPF

by Koct,lw d al.77 OH the 12C(V,,, IL- ).Y rc-

il(~tioll \vith neutrinos 11P to 300 M{!V indi-

cate poor ilgr(!(?lll(!llt witl) [ ]IC lWM. Figure 4

sli(nvs 111(!result.s,

\4k rclnark ttIal t,lw Inmncntum transferred

to rcroilillg nuclmms CiLll lJe q:litt? small, am{

t.]lilt t]l(’ IW;M llli~~ 1)(’ iL ])iLrtkriliirl~ h(l ii])-

I)roxill]iltioll ill 111[’])ilrt of Lllti spectrum that

is 11(’ilrlj’ (’l:l!; ti(:. ‘1’]1(’ llliLSS of ~ll(! /1 C(lll]fl

1.11( ’II I)lily ill) illl])ol’tilllt 101(” ill sll[)prc..sing tll(!

(v,,, /1) rr(ws swlif)ll,

S(’1 ;Illotll(’r (’Xl) l;llliltioll nil!+ r(wlltjly 1)(~’11

illl V;lll(”t’(1 1)~ Milllll (’I, ill. ‘M ‘1’11(’y ol)s(’r\’(’ [hilt.

il is 1101 (’l[*ill’ \\’ll(”lll(st’ tl]](’ illllllo Sl)ll(Ti(” Ilt’ll -

Irillt) (Iil(;l ill(li(:lh’ il (11.lifi(~ll(.y (If l),, or illl (’X

(’(’ss ()( //,. 1.11(’ill) Sl)Illi,l’ II IIX(’S ilr(’ Ilol \\’(*11

{’ll(Jll~]l kll(J\V1l. ‘1’ilkillf~ 111(’ ([llilSi (’lasti( ~l~lX

(iIl(IIli II(I(l !)v l\ IIjI,iI(I\I iIII(l Niii[lilo\~, 1“ tlI(I:,” Iilltl

)I,tJotl d)I,14hIvII~*IIl willl Ill(j Ii sljtv’trlllll, 1~111al]

(’~({’:i!i (ll”~ml(’{”ll’(~ll f’\’(’lll!i 111;11 (’iIll 1)(’illllilllll(’(1

If) ])11111)11 (lfviIJF ill III(’ IlfIIIv’l~)r: ~J I r ~ 1///,

‘1’IIIs l)ilrli;ll lil~’lillif’ (d’ III(I lJI[)l IJII ;Iy,ilillsl Illis

tII~JIII, i!, fl)lllill I(I 1)11 4 x 1[1”1 v. Il{orr{vl, Illis
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to heol~kzimd frull [utllrr (’xl)(’rillwllt.s. ‘1’IIc rrossrs arc tlIc I)cst fit va]ucs km Kmniokan(le.24

would, of courw, I)(I iL \’c~~ (~xcitillg (i(nPclop-

mcnt.

sol.t\R NE[;’I’I{INOS

‘1’hc longst.an(ling S(.)litl’liv~ltrino ljrohleln,

which has been cxlmlsiv(’lj’ Iwicwd,zo IImy

1)(! ;1 Il(!(ltrillo-os(”illiltiol] (’xl)(wi[lwlil. willl il

pwitiv(’ result. ‘1’11(”’1”(’illl’ II(N 4 (Jl)(’riltillg

cx]wrillmllts, IIo[]](’slilla>, ];illl)i(Jl(illl( l(m, S/\(~lt

an[l (.; i\ Il(’X, illl(12 (S 11(11)1 II”J’ ~(’1ll.l”i llool)S(’l”\’il-”

t.f)l’~ illl(l Sll])(’ll~ illlliokilll[l f’) 1111[[(’1’ (“{)llSll”ll(’-

Iiol], 0111(’IX ill”(’ ill 111(’ (lt’\’(9101) lll(’111 l)llil S(’,

‘1’11(’ (~xl~(.rilil(’ills ill”f ’ Iisl( ’(1 ill ‘[ ’;11)1(’ !). /411

l.ll(’ol)(’I’ill. ill/~ (mXIJI’ l”illl(’lll:i Iill(l l(l\V(’~l ll(”;lslll”(’(1

flIIX(’S lllilll; ll’(’ll,”!’ (li(’f( ’11 I) J’1,ll(’’’Sl illl(lill”(l\()

!iir hl(~~l(~l”(,S,S\I). 1[ is ;I (.{ JIIIIIIIIII l\. 11(’111 \’i(’\\~

I.llill IIHIIIIIX ofll~’lllrillos” rlolll IIIIJSII II isil;lr(l

10 I’ill(”lllill(m Illi:. i:, II(JI Ill{, (“;1:;(’. ‘1’1141Il)lill

llll]lillosil~’ol” 111,’ S1111is 1)1,’(i:d,lj I]l{,il,.lll”(i(l,

;IIIII, ifllllcl(’,tl IIl:$i(,l] ,,i’ 1! il,l{, 11, l,r,,\i,l(v\

111(’ I’ll(’l”}(\’, 111( ’11 f.\,l(’t l\’ l\,’1) lll’1lll’lll( l!. Illll!; l

ilf ’ 1)1”()(111(’(’11 (JI (’”1111 ll)lll])ll,li!lll (1[” il fll:. i.111

(“j’(”11’. It;u’11 (’J’11(’ \’i(.1(1. ~!(, h!tI\’ IJ1’{’11{11:),

‘D is not a majorilll(l (provid(d branch, which

we know experimentally), at most a few per-

c.cnt of the energy is lost in neutrino emission.

IIc=uIc(*the flux can be calculated. What is

muclI mom difficult to calculate, of course, is

tlICJeIIcrgy sp(:ctrum, bccausc that depends on

all tll(! (letililS of nuclear cross-sections, opac-

iti(v+, ll(*iI\’y-cl(!lI]clIt colnposition, turbulence,

(~1,(.. ‘1’11(~ ’11 briu~ch, a negligible cm]lribut.or

to rll(!rgy producliolil i~ quite sensitive to the

(Il”t;iils, !\’ll(!r’(!ilS tll(! Ij-1) flux is ill[llost. indc-

1)(’11(1(”111. of tll(’111.

‘1’111’l’(’ ;11’(’ IIOW l\V() (“ollll)aritl)l)) (1(’tilil(’(1

(“;1](’111/11;01)S of tllf” Solilr Il(!lll,rillt) slwcllrlllll,

wllicli ;11’(’ ill ~()()(1 il~l”(’(’111(’llt \\’11(’11 I.])(’ SiLlll(!

illl)ll[. I)ill’il lll(’1(’l’!i ;ll”(l 11S(’(1. ‘1’11;11 \\’ilS 11011ill-

\VilJ’S S(I. illl(l lllllll(S1”O1lS Slllilll (“orI’(’(”l i(JllS illl(l

(“llilll~,(”i ll; l\”(’ 1)( ’(’11 Illil(l(i [,() 1)0111 (’(Jill l)lll;lliollS

011 ill{’ \Yil\” 10 f’oil\’(’1”~(’llf’(’. ‘1’11(’ r(’slllls ill”(’

hllllllll,lliz(’il ill ‘1’;II)I(I [i, \villl Irr llll(.(’l’l;~ill(li(.s,

‘I”llt’ .ll~,llilil;llll (Iill”,,lt’llf(’s lJ(s1.\v4vIllIllt’ lW(J

,’ill{ll lillillll’. 51{’1111141111111(sill(lllsi(ul II! 11;111

1,111 illlll I’illsolllw;lllll (d’ 11[’lilllll (]iflllSi(Jll,
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Figure 4. l)ill.il011‘Y.’(l/,,, /l-).Y

‘1’abh2 6, SC)lW ll(?lltlil10 I’at(! CillClllilli(lllS.

Target ~.pf’ I’-(!b

37CI 8.0(10) 6.4(14) SIN(J

c- (H~o) 5.7(1+0.15) 4.3(11) 10G(“111-2s-’
71(3iL 132:: 12:1(7) SN[~

al?d. 30 ‘%’[. 31

wllidl iI](.1’(’ilS(”’S t ]1(’ ‘1) flllx I)y l?(x), ;111(1

;1 (Iiff’(qw]]l, c]l[)i(.(~ f)j cross S(’rl io]] ro~ tll(’

711( S(I),- I)NII ~(lii(lio]l. ‘1”1111 (’xl)(’lilll(’l][,;ll IX’SII I IS

;11”(’ Sllllll llill’i Z(’(1 ill ‘!’illllf’ ~.

‘1’11(1 S/\( ;It foll;l)~ol;ll.iolt ;IIIIII)IIIIIII(I ;Il llIis

Illlt’lillg ‘“i I’(’SIII15 11”~~111/1 S(’(oll~l 1’!)1111(101 ~lillil

l.;lliill}~, ii!, llilkSilll, ‘1’11(” I!)!)() illlfl l!t!~l (Iillil

1 20 ‘,~~”j:!? illlfl S~l‘ ~f I L!()Sl”fsg]yl’, l’I’,SIJ[ l(”[~’.”(’ \’.

SNII, ;111(1 ;1 ((}llll}ill(’(1 ill’! ’l”il~, (’ ilS ~l,i\”(’ll ill ‘[’il.

lIlf I 7. ‘1’11(’ I; IIKII s~-sl(’lililli( I’114)1 ill lliII Iil’il

Sf’1 \Vil S i!,+ Sl)~ll(’1 I lo (IJV(II IIIIS j)~)ssil]ilil)” llI;It

llIf I ((JIIIII{’I l); 1(1,II,I(JIIIIIl:i ill(r(’;lwvl \villl lilll~”,

il.S ill~li(i~l(wl ill d lt’w rll IIs. ‘1’llis ~’llt’(”1 \Vil S

11(~1S(I(III ill 111(’11(’xl (l;Ili I s1’1. ;III(I S(J is Iilu’1.v

(r(’[. 27) compared with t.lle kYIM

to hiLvc been a statistical fluctuation (not im-

probable with such low statistics), In the sec-

oI; rl data set, the systematic uncertainty was

dominated by radon corrections, and the ‘sys-

tematic’ errors ill the two runs are thus largely

u]]correlated. The collaboration has applied

I,IICI<o]mgorov-Cramer- vun Mises tests to the

([ill,~l;ln(l find t]]at the goodlKxs-of-{iL param-

(![(w N~, for the comhiu(xl [liLta is O.107, which

wolihl br cxcrcded M% of the time. That in-

(Ii(.ith% tllill il]l t]l(” (Iiltil Call hitW COMC frOITl

111(”SilIllC parwlt distril]lltion. ‘1’lmprobability

LII;LI tll(! (!ilrly poi[lts W(JII1(I1)(’ Ilmsl.ly lowr

Lllilll 1,11(1hLl,(lI 011(’Sis 1]01,ii(](lr(’ss(?(l hy this

sl.;Ilristi (:, lIow(Iv(Ir. ‘1’11(’ (;illl(’X f“ollilllf~r;lti{lll

(10(’S Il(jt ]jl”OVi(](” illrolllliltioll” ill)oll~ go(J(lll(%S -

(Jf Iii. ‘1’ilk(’11 ill fil(l’ \’,1111(’,tll(’ I’(’!illll!i ()[ 1)0111

(’xl~t’ril]w]lts ill’(’ i[) l’(’ilS()!liLIJ](’ il~r(’(’111(’llt, wil,ll

;I (x]ll~l)ill(’(1 i~~~([.il]~(’(J[ 74~~~ SN II. ‘1’il:tl. is I~(*f-

illil{’]1’ II(II wllsist(v~l \vil!l illl~’ SShl, IJIII il.

Iitll!i ill 1111’~1”(’~ iLl”(’il ll(,l,\\)(.(’ll ilsl.l”ol)llJ’S j(”ill

1)1’(Jl)h,lllS ;I,II(I Il(mlltl”illl) lJh~Si(”S ~Jld)h’lllS. ‘1’11(’

Illillillllllll IIIIY (x~llsislt’lil. with SIilti(” 1]~(11’()~t’11

],lllllillp, ill [II{’ SIIII is ill)ollt ~!) SNII.



Tallh- 5. Solar neutrino cxperinmlt,s.

Threshold (McV) Fid. Mass

Target Collaboration Sti~tus CC NC (Lonncs)

37(-n Homestalie ‘c(j. 0.s14 - Glfi C2C]4

e- Kalniolial]dc ‘s5- 7.5 7.5 680 H*O

7’Ga SAGE ’90- ().Z33 - 30, 57 Ga
71(;a Gallex ‘!)l- ().2:]3 - 30 Ga

~1.1, (+- SN() ‘g(j. 5.0 2.2 lk Dzo
e- S~lperI{amiokil l](lc; ‘!)6- 7.5 7.5 22k IIZO

“13, e- Borexino PlqJ. (),25 om~5 100 TMD

‘l”Ar, e- lcarus Prop. 2 2 lk LAr

Plus 1]51n, LHe, 205Tl, Cl, F, 1, 9SM0, and others

Table 7. Solar neulrilio ra{c ll)eilSllr(?lll(’lltS.
._—

llx~eri]llent ‘~’argt~t hte % B-PU % T-C~

- HomeslakeC 37(:1 ~.~5+~m~4 SN~J 28+3 35*4

Kamioliande 11 & 111’1 e- (1-120) 2S4+29+35 x 10d cm-2S-1 50+8 66+ 11

SAGE I & 11’ 71C;a 5s:)@ SNIJ 44:;: 47:;;

Gallexf 71Ga s3*1!)M3 SNU 63+16 67+17

BIUCllIlaIl CL ill.3(; have nlade a study d

d! tllc ~xtallt dilta cx(w1)l SACl; 10 i[’ill-ll il’

t,lwy forw us to vlnl~racc nvw nmtrino pl]~’sits.

Tlwy conclude tlllat h4iltl]cyev-Slllirllo\’- \4~tJlf-

t’nstcil] (NfiS\V) i]liltt,(’r-[!l l]]itll~(!rl n(’lit,ri]lo os-

(:illiitiO1ls (’Xl) lilill ~11 t 11(1 dil.til V(’~j’ \V(’11, \vitll

tlw I)(Is1 [il. \-nllI(S I.)(’illg

/3?//2= (O.:] -- I .2) x 1o”-’”(’\~2

sillx 20 .= (().4 -- 1.5) x lo-z.

A lilr~t’il]]~l(~ sol[ltiol) IS i{lso l)(.rlllit[(’tl 1111[Ii[s

I(ISS wrlll [Illclll.<i(jll {II Sff(;l; \vill (lri\’(’ AI)IV

1 “)() Ill) I)\F illl ;Illll)llllltl{J\Vll illl(l sill - I’(IIIJJ,’ 11)’

(“(111;11 10 111(’ l’illl,l~l’. ] l’,,1.(of ,,,,(1 K,ils:(,,. “ 1,;,,(,

;Lls~) I)[)illl.(’(1 0111 llIi Il , (’\’~*11 \vitll olll~ ‘2 ll:I\’(Jl,~

os[.ill;ll.iilg, ;I I’;II 111111) sollili(lll I“(qliilili:+ \iill)l{’:

sin220 z 0.75.

‘(.hJ-SIIn’ explanations, in which the com

‘,(’lllpcralurc oi the Sun is arbitrarily reduced,

;ail !n account for the data: the funcla-

111(’lltal c(xl[lic.1 is l)(?tW(!CIl llOIIICStliLkC Flll(l

]~i!lii~!~li~lll(l(!, ])(!~iLllS(’ t,ll(’y ])()~,]1 lWWr!l llli~ll!~

tl](’ ‘1) flllx, N(wtri 110 (~s(.illiltio]ls [)ri)vidc

il 11111(.11 1)( ’tt(’1” il(m(X)lllll. of tll(’(Iillil 1)( ’(”illl S(’

11( ’111 l.ill-(’ll~l’(’llt s(-;ltt(’rill~ Ilillllll’illly iIICW”ilS(’S

I 11(’ liilllliokilll(lf” rill(’ l’(’lilllV(” 10 tll(’ (:1-Ar

l’il~l’. I“[JI”111(’Sillll~’ “(’;LS(Jli, os(:i]]iltioll” illt.[1

:;t(’ril(’ 11(’lllri!los i.s Solll(”\Vllill (li SfiL\’or(’({. ‘1’11(’

ill(li(.;llil)l)s ill’[’ Slrollg IIlli l:. 11(’lltrillo (H’illi\

Ii(n)s ;Ir(I ill(l[w’tl (~frllrril~~, 1111(1(11(’ 11~’\~g(’11

I!l”illil)ll of (’xl)(’rilll(’lll,s S~() \i’illl its (’xl]lil”il

11(’1111’ ill (’111 ”l’I’1 11. illl(l sl)(’(.[1’c)slol)i( (ill),ll )ilil. if ’S,



Borexino with its low threshold – can

the definitive proof

I)0[J13LE BETA DECAY

provide

Ncutrinoless double beta decay el]joys a

phase-space adv:mtagc ol”er ~jfivv t’mission (iL]-

hxvcd in the StaIldard Model, but wry do\v),

and searches for it set tiglll linlit,s 0]1 ll~c h’[iL-

jf)rFLlll IIIMS(?S (If (’k[r(.)11 ll(Wi.riIl(X ((Jr of 1]1(?

a(llnixe(i IIKHS (’igl’lls(latcs tild: cwlprise Llw

t?lcct.rol] Ilcutlrillo). Tile Ix’st Ii]nits on tl]c ef-

ftx[iw ~l~j~~fi.l]il IIIMS UC)IUe frmll isotoljic;dly

ellriclle(l 7(;Gc (l(’[f”u[f~rs:xs’d~

1

‘1’hc unccrtaintirs arc n~ostly thmrct.ica].

‘1’1](* a]lo\~~*(l ~-nclltril~o ]node I]&. no\v

heel] OiJSerVds!’-Ju ill q isotopes: ‘l;(je ‘zSC?,

IWO, Is”NCl, “vit,]] llalflivm ranging frmll 8

to 920 x 101g ~’ (Table S), flacliochnical

expcrinwnt.s 41”1J hav(! {Lh delllollst~~te(l t]I~

occu~~cncc of (fou~lc beta kay in 13umilnd

2oM[J idt]~ou~h in t]~wc ~MeS Lllc lllGd(’ is ull -

kllO\;’11. 111eidl Of t]le 4 CMCS IIN!iMiUrd S] J(?C-

troscopicdly, a [(J\v cxtlra events hmw bfxql

scml ill the r(igion bet\wwl 1]1(: (>nergy at \vhid~

th(I 21) distriblll ion ]Ias (’fl(wtiw!]y did away

illl(l tll(’ (/-\”illll(’. ltV~IIIls :IIW IId Mjidh

t]l(’r~.:, ]JIIL t !I(lir ])rxj]]a])i]ity is :~(~I(NV (< l(.)-fi)

111;11t,!l(’J’ 1’1:1!’ ill(li(’iltl(’ :1 (lq~;u’t,llr(. lroIll tl]](’

(?xlwcl.(’(1 ]]llj’si(-s.

f\ Illirxl I)ossil)l(” 11]0( 1(’ (If (10111)!(” 1)(’til (1(’-

(“;l\’ \V;l S (]i S(”()\’(’1”(’(] ;1S il (“OII S(’(111(’11(”(’(J[ [,11(’()~i~%

tllill txl}lnill 1.111”slIliIll IIt’ss of’ Ilvlltrillf) llIws ill

1(’KIIIS 01 il li])ol! tilll(’ollSl\’” I)l”ol((’11 Ii-l, S~llllll(’

I r~ II I; II. ;Illolvs 01 11(’r\ris(h II I;Issl(I:w 11(’llt.lillos

1.() il(”(lllil’(’ ;1 SIII;I II M;IjoI;I:I;I II INSS.’l’I’l’l A (()]1-

Stvllltlll,f”(l 01 :+1)0111;111!,011:!” s\ ’111111(’l 1’}” 1)1”(’illilll:: l!.

!.11(’ill~ll(’;ll’illl(”(’ 01’;1 lll;l,<sl(, ss(:01( 1s1,011(’” 1)()! :()11.

i)l t!ll:i tiI:i~I II II II IJ(VI III(I “~lil,il)l”ol l,” ‘I’ll{’ i“lil

j(ll’( 111 I’(,11])1(’S (llll\’ t,) 11(’11[1’illo:i illlll t’ll’(’[”[.il’lml\’

Iiil)s (11(1 11(.li(il: ~11’III(I f’ir!ll;ll ll(’llllrillo ill 11~’11

Lrillolt’ss (I(IIIIJIII 11(’I;I (1(’(”d)’, ‘[’1)(’ r(’slll[,illg :!

body ])hase space fits rcmarkab]e well with tlw

a];onlidous ‘hard) events observed cxperimc]l-

L;LIIY. The intensity is 2-3 percent of the 2-

lwutrino intensity. At this confmcncc Piepke45

reported on tlm results from a !arge isotopic

‘liGr detector ( I{eidc41mrg-Moscow collabora-

Liml). Wit.]] approximately 4000 2-neutrino

(I(ways observed, a small excess ( 150) is seen

iN t llc IIigh-cnmgy region, consistent with the

otl]er experiments. However, the shape at

Iowcr cnergirs does not swm to fit the ‘stan-

(li[~d’ h’lajoro]l ]lypothesis.

~nc can a]so (ierive ]imits on Majoron

Ino(les from t.lle non-observation of certain

d(w;LJ’ Ino(lcs of hadrons,4G although expcri-

Inellt.s (lo not at present have. enough sensi-

Livity. I-laxtxm4s has used the ratio of exper-

ilm!lltal half-lives41 [or 128’lWTe to set an up-

]Jcl”]illlit (Jn the coupling C,ollstant < gM > of

4.2 x 10-s. Finally, Burgess and Cline47 have

slmwn that ‘standard’ Majorons do not meel

the rcquirmnents because the implied Majo-

rana neutrino mass would allow Ou decays, in

cmltradiction to c::perirnent. If the Majoron

Cilrl”iC: lcpton number –2, then this difficulty

call be circumventecl. Note that the Burgess-

(:lillr v;Llues for the coupling constant rfiffcr

so Ilm,~lIat from those shown.

Necd]css to say, if the evidence for anoma-

lous t?vellls continues 10 accumu]atc to the

I]oillt. wll(!rc a Majoron of smnc type is con-

[irlllt’(1, it, will be :Lr(!volutiollary drvckq)mcllt

Iol” I)ill”lli(:l(’I)lltysics. C mat progress Lowfir[ls

r(’solvill~ t,ll(! isslw is IJt?il]g mwic by the rx -

[J!’rilll(’llllill groll])S, ‘1’11(’[J(! Irvilw gr{)ll[) llil\’(’

illrr(’:lsotl L]](Illlitgl](~l,i(q[it!hi in t.lwir tiilw ,)ro-

jf’flioll tl]allll)t’r I(J illl])ro\’(’ 1,11(’rmwlll[lii~ll illl(l

[.11(’ (“ill)illJilitJ’ fol. llN”iWllrillg it,. \74’~y ](N’ l)iL(’k-

gl’ollll(l isol.ol)i(” ( ;~” illl(l x(’ (1(’[(’( h]l”!i ill’(’ j~lsl

1)(’l(illllill~[ t,() il(”l”ll llllllill(’ (Iiltil, \vil,ll illl’(’il[ l!’

lllll~r(w;i\’(’ HI,SIIIIIS,



‘1’al>leS. I)olll)lc-lJcta-tlec*~ cxpc?rimcml.s (selection).

kOtO1)C I/rf. Q (hk\~) T:;z (y) T$z (Y) Tyy (y) < fJ&f >

Mt!v lolb y 1@23 y 102° y 1!)-4

q.g!L5 los:y 11(4) 2.4(4)

3.0414 11 .(it;:: 1.5(6) 4.2(4)

3.367 8 0.8(5) 2.1(7)

2.039 ~~():;: 200(-) 1.4(-)

?.03!) >17 (WMJCL) >400 <1.1

~(j7Q(f)o) >oto~ (go%~i.) -2.533 -

1.100 ~]()()((jQo) -

<70

‘1’:-11;I 7-IK?VNEuTRINo

‘1’IKISIHI])(I of ~11(1sp(?ctruIH ill ordillnry brta

dWa~ IliLS, sinc(’ I.llc earliest (hys, lJC!e.11 LISC(i

to set linlils 01) tlIr llIfisscs 0[ l~elltrillos, l{,c-

ccntly, Illilily (’xperillwlllid grOll])S llilVC Ob-

served ‘kinks’ ill tllc spectra of 311, l’lC, ‘5S,

45Ca, 63Ni, al~d “ Gv at all energy 17 lwV l){!-

low the endpoint, wllicll c.itn IN intcr]}r,+lcd m

an admixt.llrc of a 17-lirV ncutril, u wi~ll t]lc

electron ncutrillo ilt an intcl]sity 0{ ill)jll’O~-

imatcly 1%. ‘1’11(’slrikil]g Ilniforlllity of Lll[!

results [rolll il \vi(l(’ rallgc of isotq)(:s is illlls-

lr;dm(l in Fig. .5.

All t]](? posi[iix (~l)~(*~\’ii[ions t]il\’(! I]Id(l IIS(~

Of solid-st il[(’ (1(”1(Y.tol’s. t5(’ill.(’11(’SlIIWI(,’ willl

Iilag]l(’lic (I(!vir(+ Ilil\’(’ 1)(’(’11 llllif(,rllll~’ ll(’~il -

tiw. ‘1’II(J (’xlJt*lilll(’lll;kl sit ll;llioll is sllIIIlll;i-

rizf’(1 ill ‘1’ill)li’ !). ( ‘rilif”isll]s llil\-(’ I)(v’11 l(IV-

(’11(’(1ill ll(Jfll 1(’(’lllli(ill(’s, I]olll’i(’ilji’”” I’(q”(,lll,ly

lll;l(l~’ illl (Ixll;llls!il’(. SI.ll(lj’ ()[ III(’ illl.f ’lj)lil~’ lJ(’-

tw(’(111 sl;llisli(;il ;IIlrl s~”sl(’;ll;lti( (Irrors ill Ii’

IW’L’ (’xl)(’rilll(’ills illl(l (’(JII(”l II(I(’(1 Illill Il!i(’()[ ill’

Ilil,l’ill’J’ Shill )(’ (olr(v[i(jll ]Jill’;l lll(’1(’l’!i ()( ‘1’;l}”l~)l’

s(’1’i(’s I’111111 \vlII*Il III(. 1111(I 111111(’rl)’il)p, I.11(’ry,\P

(l(tl)(*lIfl(*II((’ of (,lli(.ic’11(.). i:; lllll(IIIt\vll 4,111 II(*

V(lry (l; ljl~\!’I’(Jll S. :\ll lllilp,ll(li~ sl)i*[lIiJIII(*l(II

f’xl)ftrill](lllls II IIIVI II(Y’11 ol)li~,(’(1 h) (10 Illi:;. (J\v.

ill~ lx) 111111(Iilli(lllli(vi ill (1(’1(’rlllillillg I.11(1 I.(I.

spoll!w 10 the necessary accuracy. It \vas tllere-

fom t)ol c]ear that negative experiments really

ruld out tlh’ purpor~ed effect al the claimed

ICVCI.l’iilonell and AbashiansO drew attention

t.o Slllilii ~hfr(:ctlsdue tm scattering that were ne-

g;lcclcxl in Si dclcctor experilncmts and that

colll(l possildy induce spurious distortions re-

scmhling a massive neutrino.

Tllc l)iLlallCC lliM noW Imerr strongly tipped

against. iL 1 7-k(:V neutrino by two rmv cxp(w-

i]lm]ts r(!portc(l at this mcctingt A group ;~t

[,IK! IIlstituh! for Nuclmr Studim in Tokyo77

~“iirrii’(1 ollt a nlag~l(’lic-s[} rctr(~rnct.f’r study 0[

‘i:JNi ivitll (’xtrt!llwly Iligll statist,ica] precision

(2,4 x I(!U vvmlts in trlw i]ltwvid 40-(N kcV).

\V]li]t~ ilrl]ilr;ll”\’s]lilj)(’-cc~l”r(’ctiollI)ilrillll(’1,{’1%

(lJ()of I.11(’111)illl! still r(’(lllir(xl 1)0(it 1111(’(liLtil

(:1[) ill(l(ll)(’11(1(’111 slw(”tr;I il((lllir(:(l ill I.llr(’t’

()\’(’l Iil,ll])illg (“11(’~[;~ l.illl~(’S), 111(’ (J V(’l”\Vll(’1111
.,

~11~ Still lSti(”ill 1)1’(”(.l!iloll (Sssl’l)t, iidly ])1’1”(”111(1(’S

II r(I; Il IT k(’1~ 11~.lltril~ (Iisl(lrt ifnl lr(HII l)f’illg

(“011(’(’; 11(’(1, ‘1’11(1 III)]JIII ,Illlit I)( (J,(li.i’X, i~(llllis

I Ill’/ ;11 !Ir)(x) ( :1, (1(1(’!i 1101 t.ilk(’ ill(() ;I(.(’ollllt I.11(”

I)ossil )l(’s}’sl( *llt”ili(” l’rr(~rs ill ltlI~’ sII:I!)(L (“(Irr(’(”

Iiolt, IJIII it is lli~l,lll}’lllllil,(ll\’ Ill;tl stl(ll ;I ~(M~fl

[11 uiltl :;ll~’11lli~!ll hl;llislii’+ ((~iilIl lx]llsl]ir(m tll

(’{)111’(’;IIil I .; 1(1’\’ 11(’lill’illl).

/’\II l,~l)i’rilll,,lll [;lllit’~i 011[ ,It I\ I~:IIIIIi II S; I

li{~ll:ll ],; lllol”,llo l\’” I)\’ /jlllllilll 1’1 ill.’:’ lllillif’S11S(’



(:ollallorati(Jll Rt!r. st)u !C(’ M(’lllod IIIU, kcV sillz20
..

Silllpso]l

Ilnxtm

Li[ldllilrll k Ila.llst’11

Siln]wll ( r[wis(d )

Altxitzc)glou Ct it!.

olli c1 i-d,

A]_);Llili[)\’ (’t. ill,

Didal’ (![ ill.

h’IiL~l((’J ,U lk)(’1111)

11(’111~’rillg[.ol) {It ;II.

l!ilnr k Sillllwll

SinlpsOil ,0 Ililli(’

Ilillw k.? J(III(T

Sllr (’t ill.

lll’(mli(’~ (’l ill.

%Iillwll (’1 ill.

SCllOll[’~1(}1 ill.

Ili]nr S’. .I(”llty

(Ii(;rcgorio” (’[ ill.

Il;llll’illi S’ li;lll~ll(lis(.11

llill’~l”l)\’(’ (’l ill.
\’v;lI’li

/\llllli)(i !’[ ill,

Sitlll)s(~l]

(’11( ’11 (’l ?11,

SI(M’111,(’ 1)( ’( ’I II; III

l(;l\v;lliilllli III ;II.

N(ll’lll;lll 1’1 ,11,
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Cl’’jStill 17.1(2) 0.G3

lt~rllilligt~ Corrrctiol)s

Srr(v’llillg {‘:,rr(.ctio]ls

C r~S[Jill 17.1(2) 0.01 1(3)

h’lilgl)(?ti~ <0.(-)(-)4!){)%CL

( :I”ys!id <0.0015 !)OYOCL

Nlilgll(!tic <o.ol)17 90% CL

( !rystal <0.006 {)070 cl.

Milgll(!tic ~;o.oo3 !)OO/OCL

Nlagnctic <0.003 !)0% CL

(:1’y!:tid I(i.!)(l) i).ol 1(5)

( ~ryStill l(i.!)(4) 0.0073(9,6)

(.;r)rstill [7.2(5) 0.0085(6,5)

(.;~J’Slill 17.1((;) 0.012(3)

Milgll(!l.i(’ <0.006 90% C],

( :1’yStiil 17.2( 1’2) oiolq7)

hlil~ll(’ti(: <().O(M C8Y0 (.;1,

( !~)fStill I(imtl(d) 0.00!)!) (12,18)

(~~J)Slill I :1.8( I s) ().oo$lo(tifi)

1’1”(11). (:11”, <(-),()(14 9N’X) ( :1,

1’1’()[), (:lr, (ill l)rogrww)

A’lilgll(’li(m (ill I)rognw)

hlil~~.-t (:1’ysl.. <O,()(wl

( ‘l”)’S till l(i,l (S) ().()()s(’!)

hl;Iy,lIt*l i[’

hl:III,III’1 il. (ill I)r(q:rvss)

hI;II~I)cIl i( . (1.()()(li:~ !)!)(x)( ‘1,

( :1’\’sl;ll (1,1) I’ll’(’(’l S,’(,, )
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I 1

I

sl]il~~) kiltk produ[xvl by iL massiv(; ncut.rino,

‘[ ’II(’ La\vrcncc IIiwkdry Laboratory

group7” that II{Wreported rvidcncc for n 17-

li~’VIwlllrino in 14(; continlms to SC(*the cflcct,

I)(ILIlil$iIlow collll)letc(l a search ill ‘s]% iutcr-

Ilal l)r(!lllS~l,l”illllllllg (:l]lissi(m wilhout finding a

I)ositivc Sigllill. Whil(’ i(:ss colnpclling than the

t\vo I’(-!illlbi 1)1’(YK!l)h!(] iL])OVf!, t]li!+ (?XI)(!I’; IIM’IIL

(’ollll”il(Ii(’t S (!itl’1j(’1’ ;Il({l(:iltiolls t): tllc dr(td, ill

ti]is (1(’1’ily 1110(1(’.

It 11111S1b(’ (“(JIICIII[](*(] ll(J\V t]lill I]lr kink rt’-

l~(lr(.(”(1 ill lllilll~ Sl)(’(”l[-il is 1/0/ ;t [1 ilitrilisic f(’;t-

1Ill’(’ 01 1.]1(’ (’11’(’11”(111 SIJ(’(’tl’1 1111illl[l I.ll:lt Illlrr(’ is

I!(J 1‘/-kl’ 1/ Ilrfdrioo. ‘1’11(’ol)S(’r\’(’11 (’ff(’(’lS illl’

(Ill(r 1,() illl ilS Y(’1, Illli(l(vltili(wl l“illl S1’ 01” (’ill IS(’S,

illl[l ii ;ll)lJ(*ill’S l~(wsil~ll’ tl);ll. il \’;\ri(d)’ (If (’X

1~(’lilll~’lll;ll ill”lit’:11’tS lll;l~’ llil\’(’ (“(IIIS])II”I’(1 illl.

ljr(Jl);IIJly 1.(1r(.l)ro~!ll[(” it ill st~ III;IIly (Iilf(’rtvll,

!illllill,loll!i.

S[lhl~l,\l{}’

Ilih’li[ Illt”;lslll’(”111(’ills (Jt’ III(’ Ill;lsst’s (d’ 111[’

11~’llllill~}:i 11111’{’S,II lll)l~IIr Iilllils (JII III(* llwsw’s



of

IJe < ~ cV,

V,, < 500 lwv, and

v, < 3 I Mrv.

In the case of v,, the filw 1110s1 11’(-(’’llt lll(’n-

summents fronl trit, iuln kta (I(my all ol)lilin

negalive central valms for III(= s(I(Iar(I of tll(’

mass, with a Coll]l)inetl Sigl]ificilll(”(’ t)[ ?mkr.

Lacking an ~~pliin~tioll [or this, t.11(’llil~(’si~ll

upper lilnit giv(>l) Ilmsl 1.)(’ll!~il~(lt’(1 \villl sm])i-

cion. Equally disturl)illg is tlw %(’tl)il(”k ill our

kIlowl/d~e of tl]~ [l~iiss Or )/,l. [II t.11(~ ~ils(~ of

StOpp(4 ~+ d(’Ca~, tll(’ 11( ’gilti W wl]tral Villll(’

for tllc mass s(lllar(”(l is il]lll(JS[. C(’1’Lililll~’ (:oll-

nmte(l \vith tl)t’oll’ti(.id ]~rol)ll’ills ill (1(’ri\.illg

Lk pion IImss.

No tmwtrial oscilliltioll (~xl)w.ilm~ll[ iI()\\I

yields cvidmlc(’ fcr Iwlltrilm 0~(.illilliollS,

l)llt bOtll tll(’ I{;lllliokilll(l(! illl(l IN’111 \Vilt(’1.

dcrcnkov ddmclors slIow ])llxxli Ilg (1(’lici(’llci(’s

ill 1)11(”lTlilOll rilt(’.+ il]du(d I),y iltllloSIJ ll{’1.iC. Ilril-

lrinos ((!liLti VC’ to (!l(’rt.roll rill(’S, \Vll(!;lll(”l’ ~ l]is

is (111(’ to OS(. il]ill, ion S, sol]](” (1(’ji(”i(’11(.y ii] tl)(’

llluorcticid illl.(:r])r(.til{ ion or III(I I)ro(lurtioll

IMI(] (](”t(’Ctl OIl 111(’C]li Llli.Slll S, 01” [!) S0111(” 11101’(”

cxoti(- (!II(!(”l Stl(.11 ilS 1)1”01,();1(1(’(.il~ l’(’lllillllS illl

C)l)IIII (Illrsl,ioii. [( ~)SCilliltiolls “Irl’ [~’sl)t)ilsil)l[’,

IIIN’ll llillillll(’t(! l’!i ill 111(.vi(.illil.)’ (J1’

Ill:. -- m;,:--,,)--”24 I ,,\,I

sill::!() (1.!’

ill’(’ ill(li(.;ll[vl,

‘1’111’ ~lt’1111(’111’~(11’ !i(ll;ll 11(’lllrillo!+ !,(’4’ll]!i
,,

Illor(” illlll 1111)1’(’ Iilit’1)’ III 1(’(llliui 11{.lltiill(l (I:l(il

Iilliolls Iol” its (~xl)l;lll;llit)ll, NI,II III IIIII; II I(I*II

IIwill;lliolls f] /f/ hlil(ll,’)t’l’, Slllilll(ll’, ;IIIII

\\’oll’(’ll:Jl(’itl (Isl)l;lill 11111(I;II:I l’tIIIII I t“~:l)t.li

111~.lll!~ [11( 1111(’!llillil’. Iii. llll(llitllllll’, Sit(;l”, ;11111
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for, and physicists are htii!tlil}g with rlltllllsi-

a!!m to the task ahmd.
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